Objectives: Schistosomiasis control is centred on preventive chemotherapy through mass drug administration (MDA). However, endemic countries continue to struggle to attain target coverage rates and patient compliance. In the Philippines, barangay health workers (BHWs) play a vital role in the coordination of MDA, acting as advocates, implementers, and educators. The aim of this study was to determine whether BHW knowledge and attitudes towards schistosomiasis and MDA is sufficient and correlated with resident knowledge and drug compliance. Methods: A cross-sectional survey was conducted in 2015 among 2186 residents and 224 BHWs in the province of Northern Samar, the Philippines using a structured survey questionnaire. Results: BHWs showed good familiarity on how schistosomiasis is acquired and diagnosed. Nevertheless, both BHWs and residents had poor awareness of the signs and symptoms of schistosomiasis, disease prevention, and treatment options. There was no correlation between the knowledge scores of the BHWs and the residents (r = 0.080, p = 0.722). Kruskal-Wallis analysis revealed significant differences in BHW knowledge scores between the low (3.29, 95% confidence interval 3.16-3.36), moderate (3.61, 95% confidence interval 3.49-3.69), and high (4.05, 95% confidence interval 3.77-4.13) compliance village groups (p = 0.002), with the high compliance areas having the highest mean knowledge scores. Conclusions: This study highlights the importance of community health workers in obtaining the World Health Organization drug coverage rate of 75% and improving compliance with MDA in the community. Investing in the education of community health workers with appropriate disease-specific training is crucial if disease elimination is ultimately to be achieved.
Introduction
Schistosomiasis, also known as bilharzia, is a neglected tropical disease (NTD) that ranks only second to malaria in terms of human suffering in the tropics. It is endemic in 78 countries, with an estimated global burden of 3.514 million disability-adjusted life years (DALY) in 2015 (WHO, 2016a; WHO, 2016b) . Schistosomiasis control is centred on preventive chemotherapy through mass drug administration (MDA) with 40 mg/kg praziquantel, as endorsed by the World Health Assembly in 2001. This control strategy aims to reduce morbidity and mortality, and prevent new infections by limiting transmission through the reduction of the human reservoir (Humphries et al., 2012) .
More than 15 years after that endorsement, endemic countries still struggle to meet the target coverage of at least 75% of schoolage children. In 2015, only 12 out of 40 reporting countries had achieved coverage rates greater than 75% (WHO, 2017) . Adequate drug coverage is necessary for morbidity control, reducing transmission, and ultimately disease elimination (Worrell and Mathieu, 2012) . Studies on lymphatic filariasis and onchocerciasis have shown that if coverage rates fall below 65%, it is still possible to achieve disease elimination if MDA is extended for several years (Bockarie et al., 2013) . In order to achieve sustainable disease control, community awareness and involvement is vital (Sady et al., 2015) . In countries such as Tanzania and Yemen, where inadequate knowledge on schistosomiasis continues, the prevalence of the infection remains high despite the implementation of MDA (Sady et al., 2015; Mazigo et al., 2010) .
Several studies have assessed awareness among adult and school-age populations in schistosomiasis endemic areas. Although a high level of familiarity with the name of the infection has been shown, this awareness has often been limited to just having heard the name (Sady et al., 2015; Dawaki et al., 2015; Mwai et al., 2016) . Poor knowledge of disease transmission, prevention, and treatment has been observed in Nigeria, Mozambique, and Kenya Mwai et al., 2016; Rassi et al., 2016) . The most common misconception is that schistosomiasis is acquired by drinking or eating contaminated food and water (Acka et al., 2010; Kabatereine et al., 2014; Musuva et al., 2014; Odhiambo et al., 2016; Person et al., 2016) . Others believe it is transmitted through sexual contact (Rassi et al., 2016; Mwanga et al., 2004) .
Community health workers (CHWs) are a common source of schistosomiasis information in rural communities. Unfortunately, insufficiency of such manpower is a problem and may limit the coverage of health education campaigns (Leonardo et al., 2016a) . Community members, specifically neighbours, family members, and friends, are other common sources of information in countries such as the Philippines, China, Mozambique, and Nigeria, where more than 70% of respondents to a recent survey identified them as key informants Rassi et al., 2016; Ferlyn et al., 2015; Zeng et al., 2011) . CHWs are generally defined as nonprofessional lay health workers, who are originally from the community, and who are requested to provide promotional, preventive, and sometimes even curative health care services to their own community (Ma et al., 2017) . The use of CHWs in Nigeria to disseminate information on tuberculosis has improved overall knowledge and attitudes of the community about the disease (Balogun et al., 2015) . In Uganda, CHWs have been involved in promoting health for children under 5 years of age, and this has resulted in reduced malnutrition and morbidity, and improved child health practices (Brenner et al., 2011) . CHWs have also been found to be effective in disseminating information in control programmes for NTDs such as trypanosomiasis and onchocerciasis (Corley et al., 2016) .
In the Philippines, barangay health workers (BHWs) are the counterpart of CHWs. The Department of Health describes a BHW as a person who has undergone training programmes under any accredited government or non-government organization, and who renders primary health care services after having been accredited to function as such by the local health board (Philippines DoH, 2017) . In the implementation of schistosomiasis MDA activities, BHWs are tasked with assisting in listing the eligible population and mobilizing the community to participate in the MDA. It is necessary for the community to have adequate and correct information in order for them to participate in such activities (Parker et al., 2008) . However, an assessment of the capability of BHWs to carry out their role as community advocates and educators has not been performed. Similarly, there has been no study to determine whether BHW knowledge and attitudes has had any impact on the residents of the community. The aim of this study was to determine whether BHW knowledge and attitudes towards schistosomiasis and MDA are sufficient and correlated with resident knowledge and patient drug compliance.
Methods

Study design and study area
In 2015, a cross-sectional survey was conducted among residents and local MDA service providers in the endemic municipalities of Laoang and Palapag, in the province of Northern Samar, the Philippines. Northern Samar was ranked fourth among the poorest provinces in the country, with a poverty incidence of 47.9% in 2015 (Philippine Statistics Authority, 2016 . Most household heads are engaged in rice farming, and family incomes are lower than the national average. A national prevalence survey conducted in 2008 estimated the prevalence in endemic provinces to range from 0.08% to 6.3%, and Northern Samar ranked fourth with a prevalence of 2.4% (Leonardo et al., 2012) . A 2012 parasitological survey at the study site found a human schistosomiasis prevalence of 27% (Ross et al., 2015) . Acute respiratory infections, diarrheal diseases, and other communicable diseases are also very common (Ross et al., 2015) .
Study procedures
The survey was conducted among 22 endemic barangays. Residents aged 18 years and older were selected randomly from a list of all eligible residents for each village using the 'sample' command in STATA SE version 13.1 (StataCorp, College Station, TX, USA). The number of selected individuals from each barangay was proportionate to the size of the population. All BHWs were also interviewed. Prior to the start of the survey, intensive training covering the overview of the protocol, methods of inviting study participants, obtaining informed consent, and administering the interview questionnaire was given to local interviewers. During the data collection period, the interviewers visited the households of the selected residents to obtain their consent and to conduct the interview. The BHWs were interviewed at their local barangay health stations.
An extensive review of previous studies on knowledge and attitudes towards schistosomiasis was conducted and used as the basis in developing the structured questionnaires, which were then translated into the local dialect Waray. This was backtranslated into English to ensure that the meaning of the questions remained the same after translation into Waray. The questionnaire was pre-tested among a subset of residents who did not participate in the survey. The section on 'knowledge' included questions on the signs and symptoms of schistosomiasis, and how schistosomiasis infection can be acquired, diagnosed, treated, and prevented. The respondents were not given the answers to choose from, but were encouraged to give their own answers. In the 'attitudes' section, respondents were asked to rate their own risk, as well as the community's risk of becoming infected, with possible answers of none, low, moderate, or high risk. They were also asked to rate the severity of the disease as low, moderate, or high. Their perceptions of the benefits of MDA were also assessed by asking them to rate their agreement to various statements.
Data management and analysis
A customized Microsoft Office Access 2007 data entry system was developed for data processing. Field supervisors reviewed all completed questionnaires before the data were encoded using a double-entry system. Data were cross-checked for errors after encoding. The software STATA SE version 13.1 (StataCorp, College Station, TX, USA) was used for data checking and analysis. Comparison of the knowledge and attitudes between residents and BHWs was done using mixed-effects logistic regression analysis, with random barangay effects in the model to account for correlation among observations within barangays. Education was also included in the analysis as a fixed-effect factor.
Knowledge was scored by giving one point for a correct answer in each of the following categories: signs and symptoms, diagnosis, how the infection was acquired, disease prevention, and treatment, for a possible score of zero to five points. The Kruskal-Wallis test was used to compare the BHW and resident knowledge scores between low (<70%), moderate (70-84%), and high (!85%) compliance barangays. The cut-off for high drug compliance was based on the 85% target coverage rate set by the Department of Health. Dunn's test with Holms-Šídák adjustment was used to perform post-hoc pairwise comparisons. The correlation between BHW and resident knowledge scores was determined using Spearman correlation.
Ethical considerations
The study protocol was reviewed and approved by the institutional review boards of the Research Institute for Tropical Medicine -Department of Health (IRB Protocol Code 2014-22-0), the Philippines and Griffith University, Australia. Written consent was obtained from all survey respondents. There was no direct benefit to the survey participants; however, the results of the study, as well as the recommendations, will be given to local and national schistosomiasis control programme coordinators to help improve the implementation of MDA in endemic communities.
Results
A total of 2410 individuals were interviewed, of whom 2186 were residents and 224 were BHWs. The mean age of the residents was 42.8 (AE12.8) years. The majority were female (52%) and had an elementary education (61%), and almost half were unemployed (48.5%) ( Table 1) . The BHWs had a mean age of 47.5 years (AE 11.5). All were female (100%) and the majority had at least a high school education (53%).
As shown in Table 2 , all BHWs had heard of schistosomiasis, while 99% of residents had heard of it as well (p = 0.986). Knowledge of the signs and symptoms of intestinal schistosomiasis was poor among both local residents and BHWs. Abdominal enlargement was the most frequently identified symptom, and it was reported by 64% of the BHWs and 41% of the residents (p < 0.001). Only 18% of the residents identified abdominal pain as a symptom, which was significantly lower than the response of the BHWs (31%, p < 0.001). Only a tenth of residents said blood in the stool was a sign of schistosomiasis, but the proportion who gave this answer among BHWs was three times higher (p < 0.001).
Overall, there was a moderately high level of knowledge on how the infection could be acquired, with 76% of the respondents saying it is by farming in infected rice fields. The proportion of BHWs who gave this response (93%) was significantly higher than that of the residents (74%, p < 0.001). More than half of the BHWs responded that infection can also be acquired through freshwater contact compared with only 39% of residents (p < 0.001). Other responses given were open defecation, the consumption of unclean water or food, fishing in infected areas, poor sanitation, and contact with human or animal stool.
There was a moderate level of knowledge that schistosomiasis can be prevented among BHWs (72%) and residents (58%, p = 0.123). However, despite the high level of awareness on how the infection is acquired, knowledge of the specific disease prevention strategies was very poor. Overall, the most common response was avoiding contact with infected water, which was given by 29% of residents and only 32% of BHWs (p = 0.396). Preventing new infections by participating in MDA campaigns was answered correctly by 43% of BHWs, which was twice the rate for local residents (20%, p < 0.001). Almost twice as many BHWs (17%) as residents (9%) responded that the use of protective clothing was protective (p < 0.001). Avoiding open defecation, bathing in dirty water, and drinking or eating unclean water or food, and sanitation were the other common answers. BHWs also showed better knowledge about the diagnosis of Schistosoma japonicum infection, with 93% of them being familiar with the stool test required, as compared to 64% among residents (p < 0.001). Significantly higher proportions of BHWs also cited that physical examination, blood tests, and ultrasound were other methods of diagnosing schistosomiasis.
Among the BHWs, 97% knew that schistosomiasis can be treated, but only 68% of the BHWs knew that praziquantel was the drug of choice for the treatment of the disease. Moreover, 17% of BHWs expressed that they did not know what praziquantel was used for. Residents also showed high awareness that schistosomiasis can be treated (89%, p = 0.001). However, the majority did not know of the use of praziquantel (56%) and only a quarter knew that praziquantel is the drug used for schistosomiasis treatment.
The attitudes towards schistosomiasis and MDA of residents and BHWs were also compared; the results are shown in Table 3 . Three-quarters of residents and BHWs expressed that they had a moderate to high risk of becoming infected with Schistosoma (p = 0.471). A larger proportion of BHWs (89%) than residents (80%) believed that the community also had a moderate to high risk of infection (p = 0.036). Schistosomiasis was perceived as a moderate to highly severe infection by 86% of BHWs and 72% of residents (p < 0.001). The proportions of BHWs who agreed that MDA is beneficial to participants (p = 0.008) and to the community (p = 0.004), and that its benefits are greater than the possible adverse reactions (p = 0.002) were also higher when compared to the local residents. Figure 1 shows a scatterplot at the barangay level of the mean knowledge scores of BHWs versus those of the local residents. Higher BHW knowledge scores did not correlate with an increase in resident knowledge scores with respect to disease or treatment (r = 0.080, p = 0.722). In Figure 2 , it can be seen that BHW knowledge corresponded with the level of drug compliance, with higher scores in barangays with high drug compliance compared to low drug compliance. In low compliance barangays, BHWs had a mean knowledge score of 3.29 (95% confidence interval (CI) 3.16-3.36), while they had a score of 3.61 (95% CI 3.49-3.69) in moderately compliant villages. The highest mean knowledge score of 4.05 (95% CI 3.77-4.13) was for BHWs from barangays with the highest MDA compliance rates. Kruskal-Wallis analysis revealed a significant difference in knowledge scores between the three groups (p = 0.002). Dunn's test showed similarly significant findings between the scores in low and high compliance areas (p = 0.001), and between the scores in low and moderately compliant barangays (p = 0.014). Resident knowledge scores were 2.22 (95% CI 2.13-2.19), 2.26 (95% CI 2.19-2.27), and 2.30 (95% CI 2.19-2.31) in low, moderate, and high compliance barangays, respectively. There was no significant difference between the residents' mean knowledge scores (p = 0.551) and barangay compliance.
Discussion
Preventive chemotherapy through MDA has been endorsed as the main schistosomiasis control strategy globally. At present, countries implementing MDA for schistosomiasis control are still struggling to attain the ideal level of coverage (75%). Increased awareness, understanding of disease, and treatment options have been linked to good coverage rates and compliance with MDA for other NTDs (Aswathy et al., 2009; Gunawardena et al., 2007; Hussain et al., 2014) . The Philippines is one of the countries with below-target national coverage rates at 43.5% in 2015. Given this fact, the present study aimed to determine the knowledge and attitudes of the residents and the BHWs, who are disseminators of disease-specific information prior to an MDA campaign.
Almost all of the respondents had heard of schistosomiasis. This should be expected in highly endemic areas that have been treated repeatedly since the 1980s. The study area has also been the site of a schistosomiasis integrated control trial for the past 5 years, thus exposing the residents and health staff to these activities. This finding is similar to those of studies performed in Kenya, Yemen, Mozambique, and Swaziland in which more than 90% of the survey populations were observed to have an awareness of schistosomiasis (Sady et al., 2015; Mwai et al., 2016; Rassi et al., 2016; Maseko et al., 2016) . However, awareness is often limited to just being familiar with the name of the disease. In this study, the community residents and the BHWs demonstrated poor knowledge of the symptoms and signs of the disease, disease prevention, and treatment options. Poor awareness of the signs and symptoms of schistosomiasis was also observed in similar studies in Cote d'Ivoire, Yemen, and Nigeria (Sady et al., 2015; Dawaki et al., 2015; Acka et al., 2010) . This may ultimately impact their health-seeking behaviour and compliance with free treatment.
Most of the residents and BHWs knew that Schistosoma infection can be acquired while farming in infected rice fields, engaged in fishing, or in contact with infected freshwater. However, becoming infected with Schistosoma through contact with infected water was not a very common response in surveys conducted in China and Swaziland (Maseko et al., 2016; Liu et al., 2014) . Similar to the present study findings, the misconception that the infection can be acquired by the consumption of contaminated water or food was also found to be a common response in African surveys (Acka et al., 2010; Odhiambo et al., 2016; Mwanga et al., 2004; Maseko et al., 2016) .
Knowledge of disease prevention has been a problem in many endemic countries. Similar to the findings presented here, avoiding contact with infected water was identified by only a small proportion of endemic populations in Kenya, Tanzania, Yemen, and Swaziland (Sady et al., 2015; Mazigo et al., 2010; Odhiambo et al., 2016; Mwanga et al., 2004; Maseko et al., 2016) . There was also poor awareness of preventive chemotherapy as a means of disease prevention, which is consistent with the findings in Yemen and Uganda (Sady et al., 2015; Kabatereine et al., 2014) . This indicates a lack of understanding of the purpose of MDA, which may lead to poor drug compliance. In MDA programmes for lymphatic filariasis, treatment knowledge has been shown to increase patient compliance (Aswathy et al., 2009; Gunawardena et al., 2007; Hussain et al., 2014) . Overall, BHWs were found to have better disease-specific knowledge than the residents of the community in which they served. However, their knowledge may be insufficient for them to be effective sources of diseasespecific information for members of their community. Only 72% of the BHWs believed that the disease can be prevented and only 43% knew that participating in MDA can prevent future infections. Only 19% of BHWs reported that they had attended a training workshop on schistosomiasis and only 4% had been trained in the past year.
A significant finding of this study was the association between higher BHW knowledge and areas with higher patient drug compliance. A similar association was noted in an MDA campaign for lymphatic filariasis in India, wherein health workers with better knowledge compared to non-health workers were able to achieve better coverage and compliance rates when working as drug distributors (Lahariya and Tomar, 2011) . In Kenya, where CHWs were used as community drug distributors and were given training on schistosomiasis (physiopathology, symptoms, diagnosis, prevention, treatment, and complications) and MDA (praziquantel, eligibility, drug reactions, and management of reactions), coverage in all communities was at least 75% (Omedo et al., 2012) . These studies reaffirm that the knowledge of CHWs is crucial for elimination efforts.
An inadequate number of healthcare professionals is a significant problem in low-and middle-income countries (LMICs). There is a projected shortage of 15 million health workers by 2030, especially affecting LMICs of Asia and the Pacific (Liu et al., 2017) . The Philippines is one of the LMICs that suffers from an unbalanced distribution of health professionals. The migration of health professionals to work in developed countries has worsened the problem in rural areas and has left the remaining health workers with increased workloads (Castro-Palaganas et al., 2017) . One of the findings in the evaluation of schistosomiasis control programmes is that the insufficiency of manpower compromises the activities needed for mass treatment, faecal surveys, and monitoring of snail sites (Leonardo et al., 2016b) . Tapping into the services of community volunteer health workers is a system being deployed by many countries to augment their healthcare workforce. Their effectiveness in disseminating information has been shown in programmes for trypanosomiasis, onchocerciasis, tuberculosis, and malaria, as well as in promoting the overall health of children under 5 years old (Balogun et al., 2015; Brenner et al., 2011; Corley et al., 2016; Lwin et al., 2014) . However, volunteer health workers are often not adequately trained and monitored, which makes them ineffective in carrying out such duties. In Ghana, volunteers felt intimidated when they could not answer questions asked by residents and had difficulty convincing community members to take the drugs (Biritwum et al., 2017) . BHWs (or CHWs) are familiar with the language, customs, and culture of the community, which can enable them to deliver health information in a sensitive manner that is easy to understand.
Global control strategies for schistosomiasis are failing largely due to poor drug coverage rates (28%) and poor drug compliance (WHO, 2016a) . In order to improve these rates, CHWs are vital. However, they must be given appropriate training and payment if they are to serve effectively in community education, mobilization, and improving community participation, so that disease elimination can ultimately be achieved.
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